Adenoid squamous cell carcinoma (adenoacanthoma) is a histopathological variant of squamous cell carcinoma (SCC) that has been described in the skin of the head, the oral cavity, lung, and neck and the cervix of the uterus but not in the conjunctiva.
Adenoid squamous cell carcinoma (adenoacanthoma) is a histopathological variant of squamous cell carcinoma (SCC) that has been described in the skin of the head, the oral cavity, lung, and neck and the cervix of the uterus but not in the conjunctiva. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] It has a characteristic pseudoglandular appearance due to acantholysis of the neoplastic squamous cells.
Adenoid SCC of the skin occurs in sun exposed areas and may arise from actinic keratosis. 8 A large study suggested that adenoid SCC of the skin had a low rate of metastasis similar to that of the garden variety of SCC of the skin. 8 For example, of 155 patients with 213 adenoid SCC of skin, metastasis occurred in three patients. 8 Two of these patients had only regional lymph node metastases while one had regional lymph node and pulmonary metastases. Two other patients had direct extension of the disease to vital structures. All five of these patients died as a result of their tumours. More recently, mortalities range from 19% in 55 cases 13 to 50% in six cases 15 in other series of this tumour. The aggressiveness of the skin tumour is also stressed in review articles. 16 Adenoid SCC in other anatomical locations, such as the oral cavity and mucosal surfaces of the head and neck, is aggressive. 12 14 To the best of our knowledge, there have been no reports of adenoid SCC of the conjunctiva.
1- 16 We, therefore, performed a retrospective clinicopathological study of patients with adenoid SCC of the conjunctiva on file in the registry of ophthalmic pathology of the Armed Forces Institute of Pathology (AFIP).
Methods
All cases accessioned between 1970 and 1982 that were coded as SCC of the conjunctiva were examined. Only those tumours with predominant histological features of an adenoid or pseudoglandular appearance due to neoplastic squamous surrounding lumina created by acantholysis were included in the study. Any tumour with a classic 'acantholytic' or 'adenoid' pattern was defined as an adenoid SCC even if that pattern was only identified in a small section of the tumour.
The following histochemical stains were performed in all cases: haematoxylin and eosin (H and E), periodic acid SchiV (PAS), mucicarmine, aldehyde fuchsin, and Alcian blue at pH of 2.5 and 0.4 and with and without pretreat-ment with hyaluronidase. Transmission electron microscopy (TEM) was performed on one case.
Follow up information was obtained in all cases and length of follow up was recorded from the time of initial presentation. Recurrent cases were studied histopathologically whenever such materials were available.
Kaplan-Meier analysis was performed (Prodas, Conceptual Software, Houston, TX, USA) comparing the interval to recurrence for patients with and without an inflammatory presentation of their adenoid SCC. The log rank test was used to determine the significance of diVerences in recurrence rates.
Results

CLINICAL DATA
The study included 10 men and four women. The median age at the time of the diagnosis was 65 years (mean age of 62) and the age range 38-83 years. Twelve patients were white (nine men, three women), and two patients were black (one man, one woman).
The tumours were adjacent to the limbus in seven patients and in the bulbar conjunctiva in seven patients (Tables 1 and 2 ). Twelve cases involved the right eye and two cases involved the left eye. An irritated 'red' eye accompanied by tearing and foreign body sensation was the clinical presentation in eight cases (Fig 1) . One such patient had proptosis with markedly decreased visual acuity and massive orbital invasion. The other six patients (Table 2 ) had a slowly growing painless mass which was pinkish yellow (two cases), greyish (two cases), leukoplakic (one case), or dark brown (one case of a black patient). The duration of signs and symptoms ranged from 6 weeks to 5 months.
HISTOPATHOLOGICAL FINDINGS
The typical tumour was a nodular epithelial proliferation that extended from the epithelium into the substantia propria of the conjunctiva or corneal stroma (Fig 2) . The proliferating epithelial cells formed lobules, columns, and islands. Within the lobules there was an adenoid or pseudoglandular appearance as a result of lumina that were formed by acantholysis. Alcian blue at pH of 2.5 with or without pretreatment with testicular hyaluronidase demonstrated extracellular hyaluronic acid (Fig 3) . The material stained positively with mucicarmine but did not stain with Alcian blue pH of 0.4, aldehyde fuchsin, or PAS. Electron microscopy in one case demonstrated no intracellular mucin filled vacuoles (Figs 4 and 5) . Desmosomes and microvilli were present.
FOLLOW UP AND MANAGEMENT
The median follow up period was 2 years (mean 2 years and 4 months) and ranged from 1 year to 5 years and 11 months. Twelve of the 14 patients were initially managed by local excision and two patients were initially treated by enucleation (Table 1 ). Four of the 14 patients had a recurrence and one tumour was re-excised when it was noted that the initial excision was incomplete (Table 1 ). All five of these patients had an irritated, inflamed eye.
Three patients had more than one recurrence. One patient (case 1) had three recurrences (one in the conjunctiva and a second and third in the orbit). Each of the other two patients (cases 5 and 8) had two local, conjunctival recurrences.
One of the two patients initially treated by enucleation was a 50-year-old man (Table 1 , case 4). He presented with proptosis due to massive orbital disease. He was free of disease 2 years after modified enucleation and wide tumour resection. The second patient (case 2), a 79-year-old man, had intraocular invasion with decreased vision. Twenty three months after enucleation, he had recurrence in the socket. Despite radical orbital excision and radiotherapy, he died of direct extension to the brain 2 years after initial presentation.
Two of the 12 patients initially managed with excision required enucleation for recurrent disease (Table 1 ). The first patient (case 1), an 81-year-old man, had excision of a leukoplakic limbal lesion in an irritated red eye. Twenty two months later, the tumour recurred and was widely excised. Twenty months after this second excision, a third recurrence required enucleation. A subsequent fourth recurrence was treated by orbital exenteration and radiation therapy. The patient died of unrelated congestive heart failure 3 months later. The second patient (case 5), a 78-year-old man, treated with enucleation after two local recurrences, was subsequently lost to follow up. Kaplan-Meier analysis indicated that none of the patients without inflammatory signs had a recurrence in a 26 month follow up period whereas 81% of patients with inflammatory signs had a recurrence in a 30 month interval. The diVerence in the recurrence rates was significant (z=2.35, p=0.019).
Discussion
Adenoid squamous cell carcinoma (SCC) of the conjunctiva is a variant of SCC that has not previously been reported in the conjunctiva.
1-16
Our review of 12 years of cases on the file at the AFIP revealed only 14 cases. The registry of the AFIP receives approximately 25 cases of SCC of the conjunctiva per year, and, therefore, the estimated prevalence of adenoid SCC is approximately 4% in a tertiary referral centre for pathology. 21 Adenoid SCC has an adenoid or pseudoglandular pattern as a result of lumina formed by acantholysis within islands of neoplastic squamous cells. Since any tumour with a classic 'acantholytic' or 'adenoid' pattern was defined as an adenoid SCC even if that pattern was only identified in a small section of the tumour, it is possible that cases may have been neglected. None the less, the adenoid variant is worth the designation of as a separate subgroup because of its striking histopathological pattern and its apparent aggressiveness. Moreover, it has a distinct histochemical pattern in that the mucin in the acantholytic spaces contains is sensitive to hyaluronidase while the mucin in mucoepidermoid carcinoma is not sensitive to hyaluronidase. In contrast, mucoepidermoid carcinoma of the conjunctiva, [17] [18] [19] [20] composed of both squamous and mucus secreting tumour cells contains intracellular vacuoles and extracellular lumina of a sialomucin resistant to hyaluronidase. 8 In addition to the lack of intracellular mucin on histochemical studies of our 14 cases, TEM of one case demonstrates that adenoid SCC of the conjunctiva is a variant of SCC of the conjunctiva that is diVerent from mucoepidermoid carcinoma. The tumour cells demonstrate tonofilaments and microvillous processes characteristic of conjunctival squamous cells and no cells with features of conjunctival goblet cells.
Like adenoid SCC of the conjunctiva, extracellular hyaluronic acid is present in adenoid SCC of the skin. 8 The origin of the hyaluronic acid in the conjunctival tumours is unclear. In the normal skin, hyaluronidase is present between cells of the outer root sheath of hairs and around the epidermal cells. Adenoid SCC of the skin is probably related to actinic exposure. 8 Most of our cases arose in the sun exposed areas of the conjunctiva suggesting that these carcinomas are also actinically derived. Johnson and Helwig 8 noted intracellular glycogen in the atypical degenerating acantholytic cells in adenoid SCC of the skin, and suggested that the origin of many of these carcinomas may be the epithelium of the pilar outer root sheath, which normally contains intracellular glycogen as well as extracellular hyaluronic acid. 8 A pilar origin is not possible in our 14 conjunctival tumours and intracellular glycogen was not present in any of them.
Conventional SCC rarely results in intraocular or orbital invasion and has a favourable prognosis.
1-7 Adenoid SCC of the conjunctiva seems to be more aggressive and has a tendency to recur frequently even after wide excision. Eight of the 14 patients, all with an inflammatory presentation (Fig 1) had an 'inflammatory' clinical presentation. Five of our 14 patients had recurrent or incompletely resected tumours, four required enucleation, and one patient died with extension to the brain.
Adenoid SCC in other anatomical locations, including the skin and mucosal areas of the head and neck, has a worse prognosis than conventional SCC. [12] [13] [14] [15] [16] Adenoid SCC of the conjunctiva, like the skin tumour, is a true variant of SCC and appears to be related to actinic exposure.
Because of the small sample size and the tertiary referral nature of the AFIP, we cannot exclude the possibility that our sample may be biased by over-representation of advanced cases. We also cannot be absolutely certain of the extent of the original resections because the material we reviewed did not allow adequate assessment of the surgical margins. None the less, we advocate 'microscopically controlled excision' of adenoid SCC. 22 In this technique, the tumour is resected with a clinically free border of 2 mm. Neoplastic invasion of the cornea is treated by scraping oV all epithelium over Bowman's layer (with 2 mm clear margins) with a No 69 Beaver blade. The area of corneal epithelium is pretreated for 5 seconds with a cotton tipped applicator moistened in absolute alcohol to devitalise any residual abnormal cells. A lamellar keratectomy is not performed unless there is invasion through Bowman's layer, which is usually a barrier against tumour spread into the corneal stroma. 22 Completeness of resection may best be judged only after review of the edges of the resection processed as permanent sections. 22 Tumour present at the surgical margins requires re-excision while tumour at the base of the lesion signifies scleral involvement. In such instances, Buuns et al 22 recommend cryotherapy since the sclera is too thin for resection. Cryotherapy (double cycle, freeze thaw refreeze technique with a nitrous oxide eyelid cryoprobe) may be delivered for 20 seconds each cycle. The thinness of the sclera precludes the use of a thermocouple. Close follow up is recommended to detect and manage recurrences as soon as possible. 
